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(54) Reduced noise touch screen apparatus and method 



(57) A touch screen having a high or fine resolution 
at relatively low cost is provided. In one embodiment, 
electrodes are placed directly on the surface of a CRT 
screen without the need for an electrode positioned on 
the rear surface. The touch screen may include a con- 
ductive coating and a protective coating which are pref- 
erably provided in a single vacuum chamber step. A high 
gain system including a high-frequency sampling band- 
pass filter provide discrimination of the desired signal 
over noise. A screen calibration technique is used to 
achieve linearization in order to convert the electric sig- 
nals obtained from the screen into data indicative of the 
position of a touch on the screen. 
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Description 

The present invention is directed to a touch screen 
user input device for a computer and. in particular, to a 
touch screen having reduced noise while providing high s 
resolution. 

BACKGROUND OF THE INVENTION 

Touch screens for computer input permit a user to 
write or draw Information on a computer screen or select 
among various regions of a computer generated display, 
typically by the user's finger or by a free or tethered sty- 
I us. The cost of touch screen displays is partly dependent 
on the resolution which is desired. When the application 
requires only gross resolution (such as determination, 
within about two inches or more, of the position of the 
finger or stylus on the screen) only moderate expense is 
typically involved. However, when fine resolution Is 
required (i.e.. resolution less than about one inch, pref- 
erably less than about 1 /2 inch, more preferably less than 
about 1/4 inch and most preferably less than about 1/8 
inch), the expense of touch screens provided according 
to previous approaches has been relatively high. One 
reason for the expense Is that additional hardware or 
methods were needed to distinguish the small signals 
representing fine-resolution positions or movements 
from noise (i.e.. signals which are not indicative of the 
position of the finger or stylus). Many previous devices 
have also been relatively expensive to linearize (i.e.. to 
derive an indication of the location of the finger or stylus 
based on the output signal from the device). Typically, 
the position is a non-linear function of the output signal. 
It Is believed that the linearization process, In some pre- 
vious devices, involves manually modifying the size or 
shape of screen electrodes. Since this must be individ- 
ually done for each screen overlay which Is produced, 
the expense can be high. 

Another contributor to the high expense of high-res- 
olution touch screens is the need, In some processes, to 
provide electrodes or other deposited layers on both the 
front and rear surfaces, arxl/or to provide two or more 
separate vacuum processing steps. Further, when the 
final product Is made by positioning or bonding a sepa- 
rate overlay to a computer screen (typically a cathode 
ray, tube or CRT) this additional step adds further 
expense to the final product. 

Accordingly, it would be useful to provide a touch 
screen which provides fine resolution while reducing or 
eliminating noise at a reduced or low cost. 

SUMMARY OF THE INVENTION 

The present invention provides a low-noise, high- 
resolution touch screen. According to one embodiment, 
in order to provide reduction or elimination of noise, 
which Is particularly troublesome for fine resolution 
devices, a relatively high sampling rate is provided along 
with a filter which distinguishes the (typically low-fre- 



quency) noise. Furthermore, one embodiment of the 
invention can distinguish the desired signal from spuri- 
ous signals, such as a grounding or static discharge, by 
using automatic gain control. 

Linearization of the signal includes a measurement 
of signals from touches at various known screen loca- 
tions and a conversion from the output signal to the 
derived finger or stylus location using the measured 
data, thus eliminating the need for manual or individual 
changing or "tuning" of electrodes or other features of 
the screen. 

According to one embodiment of the Invention, elec- 
trodes are placed directly on a CRT or other computer 
screen. By "directly** Is meant that the electrodes are In 
contact with the CRT. rather than on an overlay which is 
later bonded to the screen. One embodiment permits the 
electrodes to be positioned so as to eliminate rear-sur- 
face electrodes or layers and so to eliminate one or more 
vacuum processing steps, preferably requiring only a 
single vacuum processing step to make a computer 
screen into a touch screen. 

Touch screens according to the present invention 
can be used for a number of purposes. One purpose 
involves use for an electronic gaming machine such as 
an electronic slot machine, an electronic keno machine, 
and the like. Other uses include uses for ordinary com- 
puting, such as computing on a personal computer, lap- 
top computer, palmtop computer, notepad computer, 
personal communication device, telephone. Interactive 
television and the like, running software such as word 
processing, spreadsheet, communications, database, 
programming, networking, and other well-known soft- 
ware. The invention can be used in connection with cus- 
tom-written software, or in connection with computer 
operating systems designed for pen computing, such as 
Penpoint™ of GO Corporation. Windows for Pen Com- 
puting™ of Microsoft Corporation, or with operating sys- 
tems or other software Intended for use with a pointing 
dev^ice such as a mouse, trackball, joystick and the like. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic front view of a touch screen 
according to an embodiment of the present inven- 
tion; 

Fig. 2 is a flow chart of a previous touch screen pro- 
duction method; 

Fig. 3 is a flow chart of a method for providing a touch 
screen according to an embodiment of the present 
invention; 

Fig. 4 is a schematic diagram of a touch screen sig- 
nal processing circuit, according to an embodiment 
of the present invention; 

Fig. 5 is a schematic diagram of an analog signal 
processing device according to an embodiment of 
the present invention; 

Fig. 6 Is a block diagram of a touch screen and asso- 
ciated processing system according to an embodi- 
ment of the present invention; and 
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Fig. 7 is a flow chart of a calibration and linearization 
procedure according to an embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED s 
EMBODIMENT 

As shown in Fig. 1, one embodiment of the present 
invention provides for a computer display device such as 
a CRT configured so that electrodes 102a-102d overlie 
perimetrial regions of the screen. A number of configu- 
rations for the electrodes 102a, 102b, 102c, 102d are 
possible. In the embodiment depicted in Fig. 1, the elec- 
trodes 1 02a, 1 02b. 1 02c. 1 02d are in the form of conduc- 
, tive bus bars positioned along the major portion of each 
of the four edges of the screen 104, preferably without 
extending into the corner regions of the screen. Conduc- 
tive wires 1 06a, 1 06b, 1 06c, 1 06d are in electrical contact 
with each of the electrodes 102a, 102b, 102c, 102d to 
provide a communication channel with circuitry 
described below. 

Aspects of the present invention are best under- 
stood in the context of previous methods for providing a 
touch screen. Fig. 2 shows a method used in connection 
with making a touch screen according to previous 
devices. As shown In Fig. 2. previous devices provided 
touch screens by placing certain elements on a glass 
overlay which was later bonded to the front surface of a 
computer screen such as a CRT, e.g.. using a transpar- 
ent adhesive. In previous processes, the glass overlay 
first had a conductive coating applied to its back surface 
212 (i.e., the surface which was to contact or to be 
bonded to the surface of the CRT). This coating was typ- 
ically provided through an evaporation process, usually 
in a vacuum oven. Next, a similar conductive coating was 
placed on the front of the glass overlay also through an 
evaporation process 214. After these steps, a further 
layer was placed on the t>ack surface of the glass overlay 
In some cases, a protective layer was provided on. the 
back surface. In most cases, it was necessary to place 
an electrode on the back surface, often through a silk 
screening procedure. It is believed that the back elec- 
trode was provided in previous devices as part of a noise 
reduction technique, i.e., a technique for distinguishing 
the desired position signal from unwanted signals or 
noise. Next, electrodes were placed on the front surface 
of the glass, typically through a silk screening process 
218. At this point, previous techniques are believed to 
have included a step of modifying or changing the shape 
of the electrodes in order to help linearize the device 220. 
It is believed that this was done on an individual basis in 
order to lune" each individual screen so that it provides 
a known or linear electric field for the overlay. It is 
believed that this tuning Involved measuring electrical 
characteristics of the screen and scraping or abrading 
away portions of the electrodes or other parts of the 
device in order to modify the measured characteristics 
to fit within predetermined parameters. 



Finally, after the "hand tuning" 220. a protective coat- 
ing such as Si02 was placed over at least the front sur- 
face of the screen in a process conducted In a vacuum 
oven 222. As can be seen, the process of Fig. 2 includes 
a number of steps which are relatively expensive includ- 
ing evaporation processes which may require process- 
ing in a vacuum oven 212, 214, the placing of at least 
one deposited layer, such as an electrode on the back 
surface 216 and hand or individual tuning of the elec- 
trodes 220. 

Rg. 3 d^icts a process according to the present 
invention for providing a touch screen device. In the 
embodiment of Fig. 3, electrodes are placed directly on 
the front glass surface of a computer screen such as a 
CRT. Although the process of Fig. 3 could also be used 
for producing a glass or other transparent overlay for a 
CRT, by placing the electrodes directly on the CRT, it is 
no longer necessary to include a step of bonding or posi- 
tioning an overlay over a CRT. Typically, when an overlay 
is provided, tx)nding is used rather than merely position- 
ing over a CRT, since bonding helps provide the neces- 
sary strength and robustness and also provides 
desirable optical qualities. However, by placing elec- 
trodes directly on the CRT, as shown in Fig. 3, the cost 
of the bonding (positioning) step is eliminated. 

According to the process of Fig. 3. electrodes (such 
as the electrodes depicted in Fig. 1) are silk screened 
directly onto the front of the computer screen such as a 
CRT 312. After the step of silk screening, a conductive 
coating is applied over the electrodes and the front sur- 
face of the screen. Furthermore, a protective coating 
such as Si02 is coated on the front of the screen. Pref- 
erably, fc>oth the conductive coating and the protective 
coating are applied in a single vacuum step 314, i.e., 
without the need to remove the CRT from the vacuum 
oven between the conductive and protective coatings. 

A number of materials can be used in connection 
with the process depicted in Fig. 3. The electrodes can 
be made of a number of conductive materials including 
silver and low temperature melting glass and silver epox- 
ies. The conductive coating is preferably done using 
materials that can be provided in a substantially trans- 
parent form such as indium tin oxide or tin antimony 
oxide. In one embodiment, indium tin oxide is used since 
it can be applied in a single-step process. 

Before describing the details of an embodiment of 
the present invention, a circuit for dealing with noise, 
generally as depicted in Fig. 4 will be discussed. 
Although the circuit of Fig. 4 can be used in connection 
with a number of touch screen devices, it is particularly 
useful for the touch screen produced according to the 
method of Fig. 3, since this method does not involve an 
electrode on the rear surface of the screen which was a 
feature believed to have been used by previous devices 
in connection with noise reduction. 

When the touch screen is provided with an electric 
potential atthe electrodes 102a, 102b, 102c, 102d. under 
normal (non-touch) circumstances, the potential that the 
electrodes will remain constant in time. When a human 
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touches a portion of the screen, such as with a finger, a 
small amount of current, such as about 5-1 0 amp per 
volt of driving potential will flow through the human's 
body to ground. The apparatus of Fig. 4 is intended to 
provide a signal from which the value of the current from 
one of the electrodes through the human body to ground, 
can be measured in a relatively noise-free manner. The 
general method used for distinguishing the desired sig- 
nal from noise involves a relatively high frequency sam- 
pling which permits filtering out a lower frequency 
modulation or "envelope" associated with noise. In order 
to deduce the amount of current flowing from a given 
electrode (and thus to permit calculation of distance from 
the electrode, as described below) it is useful to make 
some assumption about the electrical characteristics of 
the human body through which the cun-ent flows. For this 
purpose, the human body is assumed to have electrical 
characteristics corresponding to a body model 412 hav- 
ing, in series, a first capacitor, resistor and second 
capacitor. These items are not circuitry items but rather 
are a model of certain characteristics of the human body 
In actual practice, the item 412 will be the path through 
the human body from the point where the body touches 
the touch screen to ground 416. One of the lines 106a 
from the electrode 1 02a of the touch screen is connected 
to the positive input of an amplifier such as OP amp 41 8. 
Preferably, the OP amp has a relatively high gain, such 
as a gain of about 2,000 and, in one embodiment, has 
1 27 db common mode rejection. A resistor such as a 1 00 
kilohm resistor 420 connects the output node 422 to the 
negative input terminal 424. An RC filter 426 is provided 
at the output of the OP amp 41 8 in order to reduce dV/dt. 
This eliminates ringing of the filter and is useful in reduc- 
ing emissions, e.g., in order to comply with regulations 
such as Federal Communication Commission (FCC) 
standards. 

In one embodiment, the signal provided to the elec- 
trode 102a (via resistors 430. 432) as well as provided 
to the negative input of the OP amp 418 (via resistors 
434, 436) has a generally sinusoidal form provided at a 
frequency such as 10 kllohertz 438. Similar circuitry is 
used to provide signals to (and sanrples signals at) the 
other electrodes 102b, 102c, 102d. although the phase 
of the four signals are preferably offset 90"*. 

Noise rejection is provided by a bandpass filter 440 
which samples the amplified electrode signal at a rela- 
tively high frequency such as about 100 kilohertz. pref- 
erably about 200 kilohertz and more preferably about 
250 kilohertz or higher. In one embodiment, the band- 
pass filter 440 is a fourth order Butterworth filter with a 
gain of about 20 and a Q factor of about 40. A Butterworth 
filter provides the advantageous feature of a relatively 
quick roll-off from the peak and because it performs a 
high performance-to-cost ratio. However, in some situa- 
tions the Buttenvorth filter can be unstable and may. e.g., 
create ringing. Accordingly, the present invention can 
also be used with other types of filters. For example, a 
Bessel filter can be used which tends to be more stable 
than a Buttenworth filter under transient conditions but 
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does not have as rapid a roll-off. Another type of filter that 
can be used is an elliptical filter. 

In the depicted embodiment, both the filter 440 and 
the oscillator 438 are controlled by a clock signal such 

5 as a 20 Mhz signal 442. In one embodiment, the filter 
provides a sampling rate (defining the time frame over 
which filtering is applied) of at least three times the clock 
signal rate 442, in one embodiment, a sampling rate of 
at least 40 kilohertz. Other devices for high sampling rate 

10 and filtering can be used such as a fast-acting rectifier 
or integrator. 

The magnitude of the drive signal 438 is set in con- 
nection with a gain controller 446. One of the functions 
of the gain controller 446 Is to accommodate a situation 
15 in which there is a rapid change in the environment such 
as may result from the user touching a grounded metal 
object, thus changing the effective electrical character- 
istics of the user's body 412. The gain controller 446 
receives an Indication of the magnitude of the signal 

20 received from the touch screen, preferably from informa- 
tion provided by the CPU 450, described below. If any of 
the four signals becomes greater than a predetermined 
amount, such as greater than 4.5 volts, the system gain 
is reduced, lowering the drive signal, i.e., the signal 452 

25 output by the oscillator 438. In the embodiment of Fig. 5. 
the drive signal 452 is attenuated by attenuation signals 
516 controlling multiplexer 518. 

Rgs. 5 and 6 depict one manner of implementing the 
general configuration of Fig. 4 in a system having four 

30 electrodes on a touch screen, as depicted in Fig. 1 . Fig. 
5 shows the analog section 512 of circuitry in which each 
of the drives 1 06a, 1 06b, 1 06c. 1 06d is connected to the 
positive Input of an OP amp 41 8a, 41 8b, 41 8c, 41 8d. The 
output of the OP anp, optionally through an RC filter, is 

35 connected to a bandpass filter 440a, 440b, 440c, 440d. 
Under control of control signals mux 0, mux 1 512, a mul- 
tiplexer 514 selects the outputs from the filters 440a, 
440b. 440c, 440d for providing them, one at a time, to an 
analog to digital converter 612 (Fig. 6). As noted above, 

40 the filters 440a, 440b, 440c, 440d are capable of very ■ 
rapid sampling and, preferably, all four channels are 
sampled and provided to the A/D converter 612 in less 
than 800 microseconds, preferably less than 400 micro- 
seconds and more preferably, less than 300 microsec- 

45 onds. In one embodiment, the system provides a digital 
sample of the filtered analog signal at a rate of about 
1 ,000 samples per second (for each of the four elec- 
trodes) preferably about 2,500 samples per second, 
more preferably about 3,000 samples per second or 

so more. Such rapid sampling is used to reduce or eliminate 
the effects of noise and variation between samples. The 
analog to digital converter Is. according to one embodi- 
ment, a 12-bit tracking analog to digital converter. 

As depicted in Fig. 6, the central processing unit 

55 (CPU) is controlled by a crystal oscillator 442 which also, 
by means of dividers 614a. 614b. 614c. 61 4d, provides 
clock signals 441 and 552 at 200 Khz and 10 Khz, 
respectively A power supply 616 provides power to the 
CPU. preferably via power management circuit 614, pref- 
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erably configured to reset the CPU 450 if Vcc falls below 
4.75 volts. Coupled to the CPU is a communication circuit 
620 which can, for example, include optical couplers for 
converting TTL level to a 20 fiA drive. An EPROM mem- 
ory 622 is used for storing utility programs and boot strap 5 
programs e.g., for downloading program memories. The 
flash memory 624 is used for storing the main program 
and is preferably non-volatile memory so that the con- 
tents remain intact when the power is off. The flash mem- 
ory can be reloaded or altered via the communications w 
device. In this way the program in the flash memory can 
he downloaded from a remote location. The communi- 
cation front end contains optical couplers for serial data 
in, serial data out, and a global input for remote master 
reset. A CMOS memory 626 is used for scratch pad and is 
computation purposes. 

A number of CPUs 450 can be used in this regard, 
although preferably a CPU of the type used in a personal 
computer environment is preferred. 

In operation, the user touches a portion of the so 
screen, the current flowing from each of the four conduc- 
tors 102a, 102b, 102c, 102d through the body is a func- 
tion of the distance from the touch to each of the 
conductors, respectively. Preferably, the screen has a 
substantially equipotential surface. Thus, if the user were 2S 
to touch the screen precisely at the center, equidistant 
from the four electrodes 1 02a. 1 02b, 1 02c. 1 02d. the total 
current flow through the user's body would be approxi- 
mately 8/4 micro amps or 2 micro amps. For touches 
which are not at the center, i.e., are closer to some elec- 30 
trodes than to others, the current from the closer elec- 
trodes will be greater than that from the farther 
electrodes. By knowing the relationship between the 
amount of current and the position on the screen, the 
amount of current flowing through each of the electrodes 3S 
through the user can be used to deduce the position of 
the touch, as described more fully below. Retuming to 
the example of a touch In the center of the screen, as 
depicted in Fig. 4, the touch current is measured through 
an 1 1.3 ohm resistor so that, converted to voltage, the 4o 
current becomes 22.6 microvolts per volt of drive voltage. 
The amplifier 418 multiplies the voltage by 2.000 and the 
bandpass filter 440 adds a gain of 20. As depicted in Fig. 
5, the signal selected by multiplexer 514 is provided to 
buffer amp BA 516 which, in the depicted embodiment, 45 
has a gain of 2. Thus, altogether, the system has a gain 
of 80.000. The signal is provided to the analog to digital 
converter. The command to convert the analog signal 
into digital form is synchronized to the output drive oscil- 
lator. Synchronization is configured such that when the so 
digital data is obtained, it represents the peak voltage of 
the touch signal for that channel. Several samples (e.g.. 
four samples per channel) are taken to do an average 
and to remove any DC value that the sine wave may be 
riding on. • ss 

The digitized voltages for the four electrodes 1 02a, 
102b, 102c, 102d represent the voltages at the left, top. 
right, and bottom-electrodes, respectively and are sym- 
bolized by Vl. Vj, Vr and Vg. The digitally represented 



values of these four voltages are combined to give two 
voltage values and Xy, representing values in a verti- 
cal direction (Yy) and in a horizontal direction (Xy) as fol- 
lows: 



(1) 



(2) 



Yy and Xy are related to the vertical and horizontal 
position of the touch location on the screen, but the rela- 
tionship, in general, is not linear. In order to obtain the 
actual position based on the values of Yy and Xy a con- 
version or a linearization procedure is used. 

In general, the linearization procedure is a proce- 
dure for converting from one co-ordinate system into 
another co-ordinate system. However, the conversion is 
general, non-linear and may be different for each partic- 
ular touch screen, as well as possibly changing in time 
due to aging, changes in their environment, etc. Accord- 
ing, to the present invention, a number of measurements 
are taken of the values of Yy and Xy at various known 
locations on the screen. These measurements are then 
used to determine the parameters of a conversion 
method for converting the values of Yy and Xy into values 
indicating the location of the touch on the screen. In gen- 
eral, although it is desired to provide a method for con- 
verting from the Yy, Xy coordinate system into a screen 
location coordinate location system, the method begins 
by performing a conversion in the opposite direction, i.e., 
by defining certain locations in the screen location coor- 
dinate system and measuring the values of Yy and Xy, 
that result from touches at those predefined locations. 
These values are then used to calculate the parameters 
which can be used for converting the coordinate systems 
in the opposite direction, i.e., from the Yy, Xy coordinate 
system into the screen location coordinate location. 

A number of methods can be used for converting 
between the coordinate systems. In general, conversion 
systems which are highly accurate require high level of 
computing resources and/or time. It has been found, 
however, that the conversion method described below 
has only moderate computing requirements, but results 
in a relatively high accuracy or fine-resolution system in 
which the touch location computed by the system is 
within a predetermined distance of the actual touch loca- 
tion. In one embodiment, the computed location is within 
about 1/8 in. of the actual location. 

According to one embodiment, a pseudo-linear con- 
version method is used, employing the following conver- 
sion equations: 

= ao + aiXy+ agYy + Bn^X^Y^ (3) 

Y^^bo + /y + bzX^-^b^X^Y^ (4) 
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Where 

Xs is the calculated horizontal distance from the left 

edge of the screen. 
Ys is the calculated vertical distance from the top 

edge of the screen. 

Other conversion methods can be used including higher- 
order conversion. However, the method of equations 3 
and 4 has been found to provide acceptably high reso- 
lution, at least for portions of the screen that do not 
include the corners of the screen. 

In the method depicted in Fig. 9. after the device is 
powered up 912, the system determines whether this is 
the first power up performed on this system 914 (e.g., by 
checking a flag). If so, the system performs a calibration 
procedure 916, described-below. Othenwise, a number 
of housekeeping functions are performed 918 such as 
clearing registers, checking memories, enabling inter- 
rupts and setting up communications. The system then 
determines whether there is a valid calibration already 
stored in the system 920. If not, the system then initiates 
the calibration procedure 916. Othenwise, the system 
proceeds to set the signal gain to a high level 922. e.g., 
using the gain controller 446. In the next step, the system 
performs a check to determine whether the screen is 
being touched. In the embodiment depicted in Fig. 9, this 
is determined by checking to see whether any of the lour 
channels 106a. 106b. 106c. 106d indicates a voltage 
which is more than twice the ambient voltage, i.e., the 
voltage which is on the four electrodes 1 02a, 1 02b, 1 02c. 
102d in the absence of a touch. If not, the system con- 
tinues to check for a touch 924 until a touch is detected. 
In one embodiment, determination of the occurrence of 
a touch Is made by detecting a peak of a sampled signal 
from the filter being above a threshold level. In the case 
where the sampled signal is represented by the following 
equation: 

S = >\(Q)f +. <|>) .+ Tsin{(ot + ^) (5) 

wherein = 

S represents the sanpled signal; 

A is the amplitude of the sampled signal; 

o> . is the phase angle; 
♦ is the phase of the sampled signal; 

T is the amplitude of the current flowing through 

the touch apparatus 

the peak (P) of the sampled equation is a function of an 
equation having the form; 

P = (>!1^ + e^)"*^ (6) 

After detecting a touch, the system then checks to make 
sure that none of the channels 106a, 106b. 106c, 106d 
indicates a voltage which is greater than a predeter- 
mined amount, such as 4.5 volts 926. As discussed 
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above, this check is made in order to detect sudden 
changes in the environment such as a user touching a 
grounded metal object or the like. If such a large voltage 
is detected, the driving voltage is reduced 928 such as 
5 by using the gain controller 446 and the system returns 
to a state of checking to see if there is a touch on the 
screen. 

If the voltage is within the predetermined parame- 
ters, the system takes a predetermined number of sam- 

10 pies, e.g., four samples on each of the four channels 930 
using the high-frequency sampling bandpass filter. A/D 
converter and other circuitry depicted in Figs. 5 and 6. 
The ambient voltages are subtracted 932 and the values 
and are calculated according to equations (1) and 

IS (2) 934. The Y^ and values are then converted to X^ 
and Ys values 936 using equations (3) and (4). The posi- 
tion values Ys and Xs are then sent to the host computer 
over communication circuit 620. Normally, the system 
would be configured to continuously monitor for touches 

20 and thus the system would be configured to obtain 
another location 940 by returning to the state in which 
the system determines whether any touch of the screen 
is being made 924. Otherwise, the routine ends 942. 
In performing a calibration 916. the system first 

25 determines whether the monitor is sufficiently warmed 
up 950 and cycles through successive ten second wait 
periods 952 until warm up is completed. Next, the CPU 
450 sends a request, via communications device 620 to 
the host computer, requesting the host computer to dis- 

30 play instructions to the user on the touch screen 954, 
During the time when the user is not touching the touch 
screen, the computer measures the voltages on the four 
channels 106a, 106b, 106c. 106d and stores these val- 
ues, e.g., for use In steps 924 and 932. The CPU 450 

35 then requests the host computer to display a touch dot 
(a dot or other indicium on the touch screen at a prede- 
termined location). The computer also displays instruc- 
tions telling the user to touch the screen precisely at the 
location of the displayed touch dot 958. The system 

40 determines whether there is a touch 960 and whether 
the voltage is in the defined limits 962, 964 as described 
above for steps 924, 926. and 928. The ambient voltages 
are subtracted 966 and the measured values are stored 
968. The CPU 450 then requests the host computer to 

45 place the next dot on the screen 970 in the next prede- 
termined location, unless alt the dots have been dis- 
played 972. In one embodiment, a total of nine touch dots . 
or calibration points are used, preferably defining four 
substantially rectangular and identical quadrants or 

so regions. 

After all of the touch dots have been displayed and 
values of voltages \y and Xy have been stored, con-e- 
sponding to each of the touch dots, the system calculates 
the parameters ao. ai. a2, as. bo. bi. b2. bs. which will be 
55 used in equations (3) and (4) 974. This can be done-by 
solving or fitting equations (3) and (4) for each of the var- 
iables, ao, ai, 32. as, bo. bi, b2. bs. Since nine measure- 
ments have been made, this will result in a system of 18 
equations and eight unknowns and thus will be overde- 
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termined. Accordingly, a "best lit" method is used to 
determine values for the unknowns ao. ai, 32, as, bo, bi, 
b2, ba which provide the best fit to the nine measured 
values of and Yy. These values of the unknowns are 
then stored for use in calculating Xg and Ys in step 936. 
The system then returns to step 918. described above. 

In light of the above description, it will be apparent 
to those of skill in the art that the present invention pro- 
vides a number of advantages. The present invention is 
able to determine the location of a touch on a touch 
screen with a fine resolution but at a relatively low cost 
and high rapidity The present invention reduces costs 
by eliminating steps such as steps of providing a back 
electrode and/or back conductive coating and reduces 
the requirement for the number of steps that must be per- 
formed in a separate vacuum chamber processes. The 
system provides for linearization of the data to determine 
the location of a touch with a high degree of accuracy 
without the need for individual manual linearization of 
touch screen devices. 

A number of variations and modifications can be 
used. It is possible to use some aspects of the invention 
without using others. For example, it is possible to use 
the simplified screen production technique of the present 
invention without using the linearization of Fig. 9 and/or 
the circuitry of Figs. 5 and 6. In addition to use in con- 
nection with gaming machines. PCs. and other devices 
as described above, the present invention can also be 
used in connection with other interactive applications 
such as locator or navigation devices, automatic teller 
machines (ATM) in connection with vehicle and/or 
machinery control devices and the like. 

Although the application has been described by way 
of a preferred embodiment and certain variations and 
modifications, other variations and modifications can 
also be used, the invention being defined by the following 
claims. 

Claims 

1 . Apparatus for sampling signals from a touch screen 
comprising: 

at least a first electrode located on or over an 
edge of said touch screen; 

a driver, coupled to said touch screen, which 
provides a voltage to a region of said touch screen 
such that the potential at said first electrode changes 
from a first value to a second value when said touch 
screen is touched in said first region; 

a filter, coupled to said first electrode, for 
passing frequencies greater than about 100 kilo- 
hertz, to provide a filtered electrode output; and 

an analog-to-digital converter, coupled to 
said filter, for converting said filtered electrode out- 
put to digital signal samples at a rate of at least about 
1000 sanrq3les per second. 

2. Apparatus, as claimed in claim 1 , wherein said touch 
screen comprises a cathode ray tube (CRT) and 



wherein said first electrode is placed directly on the 
exterior display surface of said CRT. 

3. Apparatus, as claimed in claim 1 . further comprising 
5 an automatic gain control for said driver wherein said 

first value is automatically reduced when said fil- 
tered electrode output exceeds a predetermined 
amount, wherein said filter preferably passes fre- 
quencies greater than about 200 kilohertz, and 
10 wherein said sampling rate is preferably at least 
about 2500 sanples per second. 

4. A touch screen comprising : 

a cathode ray tube (CRT) having a display 
IS region with an exterior and an interior surface; 

a transparent conductive coating placed 
directly on said exterior surface of said CRT; and 

a plurality of electrodes placed directly on 
said exterior surface of said CRT. in the absence of 
20 electrodes placed on said interior surface. 

5. A touch screen, as claimed in claim 4, wherein said 
plurality of electrodes are formed from materials 
selected from the group consisting of silver epoxies 

25 and a mixture of silver and low-temperature-melting 
glass, wherein said touch screen is preferably pro- 
vided by a process that includes only a single vac- 
uum step. 

30 6. A touch screen apparatus for sensing contact at a 
preselected location on a touch screen surface com- 
prising: 

a screen having a surface with an exterior 
edge at the periphery of the screen; 

35 a plurality of bar electrodes positioned sub- 

stantially near the exterior edge of the screen; 

a drive having a plurality of channels, each 
channel connected to one of the bar electrodes, for 
providing voltages to the bar electrodes, and for pro- 

40 viding signals indicating contact on the surface, the 
signal resulting from a current flow through a touch- 
ing apparatus contacting the surface, the signals 
being a function of a difference in voltage level at a 
first time ti , when there is no contact and at a second 

45 time t2, coincident with the time of contact; and 

position determining means for receiving the 
signals from the channels and evaluating the signals 
to identify the position of the touch relative to the plu- 
rality of bar electrodes. 

50 

7. The touch screen apparatus of claim 6, wherein the 
touch screen surface is substantially rectangular, 
further comprising: 

a first bar electrode positioned substantially 
55 parallel to and near a top edge of the screen; 

a second bar electrode positioned substan- 
tially parallel to and near a bottom edge of the 
screen; 

a third bar electrode positioned substantially 
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parallel to and near a left edge of the screen; 

a fourth bar electrode positioned substan- 
tially parallel to and near a right edge of the screen; 

the first and second bar electrodes function- 
ing as a pair to determine a relative vertical position 5 
of the touch; and 

the third and fourth bar electrodes functioning 
as a pair to determine a relative horizontal position 
of the touch. 

70 

8- The touch screen apparatus of claim 10, wherein the 
relative vertical position of of the touch is deter- 
mined as a function of voltage measured at the first 
bar electrodes (Vj), and voltage means used at the 
second bar electrode (Vg). as follows: is 



and the relative horizontal position (P^) of the touch 
is determined as a function of voltage measured at 
the third bar electrode (VJ and voltage measured at 
the fourth bar electrode (Vr). as follows: 

25 

9. The touch screen apparatus of claim 7 or claim 8, 30 
wherein the driver further comprises: 

an oscillator connected to each of the chan- 
nels for setting up timing intervals for digitizing ana- 
log signals generated by each of the channels; 

amplifier means in each of the channels hav- 35 
ing a first input, a second input, and an output, the 
first input being connected to the oscillator, the sec- 
ond input being connected to the oscillator and to a 
conesponding bar electrode, such that when no 
touch is present, the amplifier means is at equilib- 40 
hum with a substantially constant amplifier output 
signal, and when a touch occurs on the surface, a 
current f bws from the screen through the touching 
apparatus, causing a voltage drop across the inputs 
on the amplifier means and a resulting anrplif ier out- 45 
put signal; 

a filter in each of the channels for receiving 
the resulting amplifier output signal from the ampli- 
fier means and substantially passing signals greater 
than a predetermined frequency; and 50 

an analog-to-digital converter for sampling 
the filtered output signal at at least a predetermined 
sampling rate. 

10. The touch screen apparatus of claim 9. wherein the 55 
driver further comprises a clock connected to the fil- 
ter in each of the channels for synchronizing a sam- 
pling rate of each filter. 

wherein the filter in each channel preferably 



samples at a rate of at least three times per cycle of 
the clock signal, and/or 

wherein the filter samples at a rate configured 
to enable a determination of an AC component of 
amplitude, an AC component of phase, and a DC 
component, 

said sampling rate being preferably at least 
40 KHz, and/or 

wherein a touch Is determined to have 
occurred upon a peak of a sampled signal from the 
filter being above a threshold level, the sampled sig- 
nal being represented by the following equation: 

S = A(cot + (|>) + Tsin(Q)t + ^) (9) 

wherein: 



S represents the sampled signal; 

A is he amplitude of the sampled signal; 

<o is the phase angle; 

<|) is the phase of the sampled signal; 

T is the amplitude of the current flowing 



through the touch apparatus. 

11. A method of making a touch screen apparatus for 
detecting touch at a preselected location on a touch 
screen surface, comprising: 

providing a rigid, transparent material having 
a front surface; 

applying a plurality of bar electrodes directly 
to the front surface of the material ; 

depositing a transparent conductive coating 
to the front surface of the material to provide an elec- 
trical path between the bar electrodes; and 

applying a transparent protective coating 
over the conductive coating. 

1 2. The method of claim 1 1 . wherein the plurality of bar 
electrodes are made of a glass and silver com- 
pound, 

wherein the conductive coating is preferably 
made of a silver epoxy, 

wherein the protective coating is preferably 
made of indium, 

and wherein said rigid transparent material is 
preferably a surface of a CRT. 

1 3. A method, as claimed in claim 1 1 , wherein said steps 
of depositing a transparent conductive coating and 
said step of applying a transparent protective coat- 
ing are conducted in a vacuum chamber, and 

wherein preferably only a single vacuum 
process is needed to perform the method of making 
a touch screen apparatus. 

14. A method, as claimed in claim 11, wherein said 
method of making a touch screen apparatus is per- 
formed in the absence of substantially modifying tiie 



8 



3NSDOCID: <EP_0698858A1J_> 



15 



EP 0 698 858 A1 



16 



size or shape of said bar electrodes after said step 
of appl/ing a plurality of bar electrodes. 

15. A method of determining the position of a user's 
touch on a screen comprising: s 

providing a touch screen for controllably dis- 
playing indicia on said screen and for outputting at 
least a first electrical variable, the location of said 
indicia being a function of control signals provided 
to said touch screen; io 

outputting a first value, being an Indication of 
said first electrical variable in the absence of a touch 
on said touch screen; 

displaying, on said touch screen, a first indi- 
cium, at a first screen location In response to a first is 
set of control signals; 

touching said touch screen at the location of 
said first indicium, and outputting a second value, 
being an iridication of said first electrical variable 
when said screen is touched at the location of said 20 
first indicium; 

displaying, on said touch screen, a second 
indicium, at a second screen location In response to 
a second set of control signals; 

touching said touch screen at the location of 25 
said second indicium and outputting a third value, 
being an indication of said first electrical variable 
when said screen Is touched at the location of said 
second indicium; 

calculating, using at least said first, second so 
and third values, parameters which define a function 
of said first electrical variable which, within a first 
predefined tolerance, provides a first indication of 
said first screen location when said first electrical 
variable is equal to said first value, and provides a 35 
second indication of said second screen location 
when said first electrical variable is equal to said sec- 
ond value; and 

using said function to provide a third indica- 
tion of a screen location, different from said first 40 
screen location and said second screen location, in 
response to a touch at a third screen location, differ- 
ent from said first and second screen locations, 
wherein said third indication is within a second pre- 
defined tolerance of said third screen location. 45 



wherein said touch screen preferably 
includes top and bottom electrodes and said touch 
screen preferably outputs a second electrical varia- 
ble: 



where Vj and Vg represent voltages at said top and 
bottom electrodes, and 

wherein said parameters preferably include 
values, represented by ao. a^^, aa, a3, bo, bi, b2 and 
bs. and said function is optionally defined by the fol- 
lowing relationships: 

Xg = aQ + a-fXy + a 2 Y y + a 3X ^ Y y 

Yg = bo + b^Yy + b2Xy + b3XyYy 

where X3 Is the horizontal screen location and Y3 is 
the vertical screen location. 



1 6. A method, as claimed in claim 15, wherein said pre- 
defined tolerance has an absolute value of less than 
about 1/8 inch, 

and/or wherein said touch screen includes 
left and right electrodes and wherein said first elec- 
trical variable is a calculated voltage: 



50 



V, +Vp 



55 



where Vl and Vr represent voltages at said left and 
right electrodes, respectively. 
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